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Aims
To establish the extent of work-related health issues reported by nail salon technicians, their knowledge of health and safety regulations and of the products used.
Methods
Nail technicians completed a researcher-administered questionnaire, and responses were compared to those of non-exposed office-based control subjects.
Results
In all, 39 of 588 nail salons approached agreed to participate (7%), with all 71 (100%) of the available nail technicians within these salons completing study questionnaires. The majority of the nail technicians (99%) had received training that had included aspects of health and safety and most reported being aware of the Control of Substances Hazardous to Health regulations (59/70, 84%) and risk assessments (65/70, 93%). Compared to the control group, the nail technicians reported statistically significant increased levels of work-related neck (OR 5.0, 95% CI 1.6-15.6), shoulder (15.0, 3.1-71.8), wrist/hand (3.6, 1.2-10.7) and lower back problems (3.5, 1.0-12.5). Work-related nasal symptoms were also significantly more common in nail technicians (6.2, 1.3-30.7).
Introduction
Artificial nail extensions have become increasingly popular over the last four decades, particularly when methyl methacrylate acrylic resin was introduced into the artificial nail process. Methyl methacrylate monomer (MMA) is known to be irritant to the skin, eyes and respiratory tract and has also been associated with skin and respiratory allergy [1] . Consequently over approximately the last 10 years, MMA use in nail products has been prohibited in certain parts of the United States [2]. However, nail products containing MMA are not prohibited for use in Britain, although good working practices have resulted in substitution of this agent by ethyl methacrylate (EMA). However, under the Chemicals (Hazardous Information and Packaging for Supply) Regulations [3] , EMA is also classified as irritating to eyes, respiratory system and skin and has the potential to cause sensitization.
There are limited published studies investigating work-related ill-health in nail salon technicians, but available literature cites individuals suffering from occupational asthma and allergic contact dermatitis [1, [4] [5] [6] [7] [8] [9] [10] [11] . Additionally, even though nail technicians may experience musculoskeletal disorders (MSDs) as a result of maintaining awkward postures of the upper body and limbs while performing highly repetitive tasks [12] , there is little information available regarding the extent of this problem.
Local authority environmental health practitioners in Britain have raised concerns about the risk of harm to nail salon technicians, particularly as many salon owners and operators seem unaware of the potential hazards in this industry. This project therefore aimed to establish the extent of work-related ill-health reported by nail salon technicians, their knowledge of health and safety regulations and to document the products used including those containing MMA or EMA.
Methods
Nail salons from a mixture of rural and urban areas in England were invited to participate. Salon managers were sent an invitation letter, followed up by phone calls from a member of the study team. The non-exposed control population was recruited from a public sector officebased population of female workers. A priori, the invitation to participate as a non-exposed control excluded male workers, as all of the nail technicians were female, and also excluded workers with potential exposure to skin and respiratory sensitizers.
An interviewer-led questionnaire, based on adaptations of the Medical Research Council respiratory symptom questionnaire [13] , European Community Respiratory Health Survey [14] and Nordic musculoskeletal symptom questionnaire [15] , was administered to all consenting participants from both study populations. It recorded health and safety knowledge relating to occupation and health and safety training. Additionally, questions enquired about work-related skin, respiratory and musculoskeletal problems, work-related symptoms being defined as those described as either being worse at work or improving on rest days.
All data analyses were performed using SPSS software (Statistical Package for Social Scientists v13.0; SPSS Inc., Chicago, IL). Descriptive statistical analyses were first performed to establish demographic characteristics and responses to questions concerning health and safety issues. When technicians were asked open-ended questions, more than one response was sometimes offered, all of which are included in the analysis. For each result where a proportion is given, the denominator reflects the total number who provided an answer to the question. Logistic regression models were used to estimate the independent effects of work on the reporting of workrelated symptoms. Odds ratios (ORs) were adjusted for the potential confounding effects of age, smoking status and time spent working.
The study received approval from the Health & Safety Executive (HSE) ethics committee (REF: ETHCOM/ REG/06/04) and all participants gave written informed consent.
Results
In total, 588 nail salons were asked to participate in the study and 7% (39 nail salons in total) agreed. The salons visited were micro-businesses (each employing less than nine staff) and each nail technician was asked to participate. Of the 71 nail technicians approached (those available on the day of visit), all agreed to take part in the study; 104 administrative non-laboratory scientific female staff were invited to participate as non-exposed controls and 64 (62%) agreed to participate. The non-exposed control population was significantly older (median age 38 years, range than the nail technicians (median 27, range 18-59), p , 0.001. The smoking status of both populations did not significantly differ. Table 1 summarizes the characteristics of subjects and controls.
Nail salon technicians reported a significantly increased prevalence of work-related neck, shoulder, wrist and hand and lower back problems (Table 2) . Work-related nasal symptoms were also significantly more common in nail technicians (OR 6.2, 95% CI 1.3-30.7), although reports of work-related eye irritation were equally common in both groups.
Work-related cough and chest tightness were both reported more frequently by nail technicians, but this difference was not statistically significant. Work-related wheeze was only reported by nail technicians.
Eczema of the hands, wrist and forearms was reported by approximately equal numbers of non-exposed controls and nail technicians. Five (7%) of nail technicians reported work-related eczema compared to none of the controls.
The Table 3 contains information relating to frequency of specific beauty product usage, perceived risks, steps taken to understand risks associated with products and steps taken to reduce the risk associated with certain hazardous materials. containing EMA, but most of these also said that they took some measures to control exposure. These included the use of local ventilation and decanting the products into smaller pots.
Discussion
Nail technicians reported a higher prevalence of a range of work-related musculoskeletal symptoms in comparison to office-based controls with a similar smoking history. Evidence collected during ergonomic assessments of comparable professions such as podiatry and chiropody [16] suggests that there is a significant link between working practices and postures and elevated rates of MSDs. It has been proposed that holding compromised postures, in order to gain access to the area of treatment, would be associated with increased muscular fatigue [17] . Moreover, it is thought that the risk factors for muscular strain of the neck, lower back, hands, wrists and shoulders are further magnified when performing visually demanding work while the location of the site of treatment is relatively fixed. This study also demonstrated a higher prevalence of certain work-related upper and lower respiratory symptoms in comparison to non-exposed controls. A significant excess of work-related nasal symptoms and wheeze was found, although the 95% confidence intervals for the ORs were wide. Whilst work-related cough and chest tightness were also more commonly reported by nail technicians, this difference was not significant. The latter may be a consequence of the relatively small number of nail technicians reporting such symptoms, and low participation rates generally may have affected the power of the study in detecting such differences.
Although the actual cause or causes of the reported symptoms cannot be determined from this study design, as no clinical assessment was carried out, potential exposure to acrylate in the nail salon environment has previously been associated with occupational asthma [9] [10] [11] . Furthermore, the results of this study complement well the findings of a recent study of methacrylate-exposed dental technicians [18] , which observed a relationship between daily use of methacrylates and a significantly increased risk of adult-onset asthma (adjusted OR 2.65, 95% CI 1.14-7.24), nasal symptoms (1.37, 1.02-1.84) and work-related cough or phlegm (1.69, 1.08-2.71).
In terms of training to prevent work-related ill-health, all the technicians reported that their training included aspects of health and safety, reflected in the fact that most were aware of the COSHH regulations and of risk assessments. There was little reported evidence to suggest that training had specifically included information about reducing work-related musculoskeletal and respiratory disorders.
Interestingly, very few nail technicians reported currently using MMA, and over half were already aware of information advising against using acrylic nail products that contain MMA. This may relate to a combination of factors such as health concerns related to the product, as well as because MMA nail extensions are very rigid and can cause severe damage to the natural nail plate if they are broken or removed [2] . The use of MMA may persist in some salons because of lack of knowledge and training and for financial reasons as MMA products are generally less costly than those containing EMA.
Technicians reported use of various methods of protection whilst using products containing EMA, by using various combinations of local ventilation, gloves and masks. In terms of advice available, glove use is recommended by sector-specific COSHH Essentials guidance SR13 [19] for handling nail products and solvents, and both COSHH Essentials guidance and the Habia Code of Practice Nail Services [20] recommend that vapour release should be kept to a minimum and that good ventilation should be provided, if considered appropriate, to further reduce dust and vapours. These recommendations are consistent with the COSHH hierarchy of control (Regulation 7 of COSHH [3] ) and, if properly implemented, should reduce worker exposure to vapours to a tolerable level. The use of dust masks in nail salons is not recommended as a control in either the Habia Code of Practice Nail Services or sector-specific COSHH Essentials guidance for nail bars, as the provision of respiratory protective equipment is the lowest level in the COSHH hierarchy of control, given that this is a less reliable control measure.
The main and significant limitation of this study was the low participation rate at salon level, although the response rate within participating salons was extremely high. The low salon participation rate may well have introduced bias favouring the selection of salons with less pressure of work or more positive attitudes towards workplace health and safety, but the excellent technician response rate in participating salons would mitigate against any significant individual technician participation or reporting bias. Inevitably, the relatively low numbers limit the interpretation of the study findings and may have led to a lack of power to detect certain significant health effects being reported in excess by nail technicians, but high technician participation rates within the participating salons probably justify generalization of the results to the wider population of beauty technicians.
The findings of this study suggest that nail technicians report high levels of work-related musculoskeletal and respiratory complaints compared to non-exposed workers. Further work is needed to better understand the origins of these complaints and ways to intervene to reduce harm. Specifically, the use of bespoke ventilation systems and ergonomic assessments would seem to be a priority, as well as the introduction of practical technician training covering measures to protect the health of nail technicians.
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